
1993. The Journal of Arachnology 21:194-201

DNASEQUENCEDATAINDICATES THEPOLYPHYLY
OFTHEFAMILY CTENIDAE(ARANEAE)

Kathrm C. Hubert Thomas S. Haider 2, Manfred W. Muller Bernhard A. Huber*,

Rudolf J. Schweyen^, and Friedrich G. Barth*: *Institut fur Zoologie, Althanstr. 14;

1090 Wien; and ^Institut fiir Mikrobiologie und Genetik; Dr. Bohrgasse 9; 1030

Wien (Vienna), Austria.

ABSTRACT. Mitochondrial DNAfragments comprising more than 400 bases of the 16S rDNA from nine

spider species have been sequenced: Cupiennius salei, C. getazi, C. coccineus and Phoneutria boliviensis (Ctenidae),

Pisaura mirabilis, Dolomedes fimbriatus (Pisauridae), Pardosa agrestis (Lycosidae), Clubiona pallidula (Clubi-

onidae) and Ryuthela nishihirai (syn. Heptathela nishihirai\ Heptathelidae: Mesothelae). Sequence divergence

ranges from 3-4% among Cupiennius species and up to 36% in pairwise comparisons of the more distantly

related spider DNAs. Maximally parsimonious gene trees based on these sequences indicate that Phoneutria

and Cupiennius are the most distantly related species of the examined Lycosoidea. The monophyly of the family

Ctenidae is therefore doubted; and a revision of the family, which should include DNA-data, is needed.

Cupiennius salei (Ctenidae) is one of the most

extensively studied species of spiders (see Lach-

muth et al. 1985). The phylogeny of the Ctenidae,

a mainly South and Central American family, is

poorly understood; and systematists propose

highly contradicting views on its classification

and phylogenetic placement (see e. g., Lehtinen

1967; Bucherl 1969). Coddington & Levi (1991)

have recently questioned the monophyly of the

Ctenidae, showing that the available information

about taxonomically useful characters is still

meager and fragmentary.

In recent years the value of DNA sequence

data for taxonomic and phylogenetic research

has become increasingly clear. DNAsequences

contain a nearly inexhaustable quantity of in-

formation and may provide valuable insight al-

lowing the evaluation of groups whose phylogeny

is largely unresolved by morphological and other

data (Kocher et al. 1989; Gatesy et al. 1992;

Cunningham et al. 1992; review: Femholm et al,

1989). Moreover, sequencing DNA—aboveall

mitochondrial DNA(mtDNA; mainly maternal

inheritance, lack of recombination) —hasspecific

advantages over other techniques of genetic com-
parisons such as DNA/DNA hybridization or

isoenzyme analysis: e. g., greater resolving power

over a hierarchical range of intraspecific to in-

tergeneric comparison and easy comparability

with sequences from other species (see also Wil-

son et al. 1985). The polymerase chain reaction

(PCR, Mullis & Faloona 1987; Saiki et al. 1988)

is a fast alternative to conventional cloning to

get a high copy number of the DNAsegment of

interest. The PCRdepends on the availability of

oligonucleotides that specifically bind to the

flanking sequences of this DNAsegment. These

oligonucleotides serve as primers for a polymer-

ization reaction that copies the segment in vitro.

The PCR-product obtained is suitable for direct

sequencing.

The principal aim of the present study was to

elucidate the phylogenetic position of the family

Ctenidae within the Lycosoidea sensu Homann
(1971), using four ctenids, two pisaurids, one ly-

cosid, one clubionid and one liphistiomorph spi-

der. Specific PCR-products were obtained by us-

ing primers for the mitochondrial 1 6S ribosomal

DNA, designed according to those used by Cun-

ningham et al. (1992). The molecular data largely

agree with the conclusions drawn from morpho-

logical taxonomy. The most intriguing and sur-

prising result of our study is the indication of a

considerable phylogenetic distance between Cu-

piennius and Phoneutria.

METHODS
Animals and DNAextraction.— Table 1 lists

the animals investigated in this study. In the big-

ger spiders, muscle tissue was dissected out of

the femora; for the smaller ones, the complete

prosoma and legs were used to extract DNA.
Tissues were put into a digestive solution (70

mMNaCl, 10 mMTris-HCl pH 7.4, 25 mM
EDTApH 8.0, 0.9% SDS, 6 p,g/m\ Proteinase

K), and incubated for 2-8 h in a water bath at
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Table L—Systematic position and geographical ori-

gin of the spiders investigated. The number of indi-

viduals that were sequenced is given in parentheses.

Spider classification

Geograph-

ical

origin

Mesothelae

(1) Ryuthela nishihirai

(Haupt 1979) Japan

Opisthothelae

Clubionidae

(1) Clubiona pallidula

(Clerck 1757) Austria

Lycosoidea

Ctenidae

(1) Cupiennius salei

(Keyserling 1876) Mexico

(2) Cupiennius getazi

Simon 1891 Costa Rica

(1) Cupiennius coccineus

F. Pickard-Cambridge 1901 Costa Rica

(2) Phoneutria boliviensis

(F. Pickard-Cambridge 1897) Costa Rica

Lycosidae

(2) Pardosa agrestis

(Westring 1862) Austria

Pisauridae

(2) Dolomedes fimbriatus

(Clerck 1757) Austria

(1) Pisaura mirabilis

(Clerck 1757) Austria

M 1 2 3 4

1632 bp

517bp__
506 bp—

396 bp

344 bp- m
Figure 1.™ Products of a radioactively labelled PCR

amplification of a mt 1 6S rDNA fragment. M= marker;

1 = Cupiennius getazv, 2 = Pardosa agrestis\ 3 = Clu-

biona pallidula; 4 = Dolomedes fimbriatus. Arrow in-

dicates the main products.

50 °C. Proteins were then precipitated with 5 M
potassium acetate and RNA was digested by

RNAseA (125 jug/ml; 15 min, 37 °C). DNAwas

precipitated with 60% v/v isopropanol ( 1 0 min,

-20 ®C), pelleted by centrifugation at 1 5,000 rpm
for 20 min at 4 ®C, washed with 400 pi of 70%
ethanol, dried at 45 and resuspended in 20-

40 Ml TE buffer (10 mMTris-HCl pH 8.0, 1 mM
EDTApH 8 . 0 ). The DNApreparation was stored

at -20 ®C.

Amplification and sequencing of rDNA. —The
mtl 6S rDNA fragment was amplified using PCR
with mtl6S rDNA primers as designed by Cun-
ningham et al. (1992), but with terminal exten-

sions for Sac I restriction endonuclease (16sar:

5'-ATAGAGCTCCCATGGCGCCTGTTTAT
CAAAAACAT-3' and 16sbr: 5'-ATAGAGCT
CCCATGGCCGGTCTGAACTCAGATCACG
T-3'). For the amplification assay 90-700 ng DNA

and 2.5 units of DNApolymerase from Thermus

aquaticus (Taq, Stratagene) were incubated in 100

m1 of PCRbuffer (Stratagene) with each of the

four deoxynucleoside triphosphates (50 pM) and

the primers (0.4 pM). For radioactive PCR2-2.5

MCi alpha-^ 2p_^AXp ^^s added. The thermal

profile for 40 cycles was as follows: (1) DNA
melting for 1.5 min at 94 °C, (2) annealing for 2

min at 56 °C and (3) polymerization for 2 min
at 72 ®C. The product was electrophoresed on a

5%polyacrylamide gel (bisacrylamid : acrylamid

1:30; 8 M urea). Upon autoradiography of the

gels the band of expected size was excised and a

small piece was used for reamplification in 200

m1 of buffer (concentration as above, without al-

pha-^^p^ATP). DNAwas purified by the Gene-

clean Il-kit (Bio 101) procedure according to

the manufacturer’s instruction. The template was

then sequenced by the dideoxy chain termination
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60
Ryuthela GTTGGTAATAAAAAATCTTACCTGCTCCCTGCTATAAGTTAATAGCCGCAGTATTATGAC
Dolomedes AGAAA.T.*T ..T.G.AAA. T AA. .AA.ATT-.A -ATA-^

—

Pisaura AGAAA.T..T ..T.G.AAA. T AA. .A..A.T-.C .......... -AT.^ —
Pardosa AGAAT....T ..T...AAAT AA. .A-.A.T-.A -.T. —
C.salel AGAAA....T ..T.G.AAA. T. , . . , .AA. .A.T..T-.A -.TA^

C.getazl AGAAA....T ..T.G.AAA. T......AA. .A.T..T-.A -.T.-^

C,coccineus AGAAA....T ..T.G.AAA. T AA. .A.T..T-.A -.T. —
Phoneutria A-AAA.T.AT ..T.G.AAG. T .AA. .A-.A.T-.A .......... -ACA—^—

—

Clublona AGATT.T.AT ..T.G.A.A. T AA. .AAT.-T~.A ........ .G A. T.

Psalmopoeus A.GCT.C.C. TTT.G.AAG. . . . . .A.AA. .A..C-T-.A T CAT-^ —

120
Ryuthela TGTGCTAAGGTAGCATAATCATTTGTCTTT TAAATGAGGTCTGGAATGAAGGGTTTGATC
Dolomedes T.A.A.A .,A...CA.. A. A... A.-.

Pisaura T. . .A.A ..A...CA.. A. A... A.-.

Pardosa A T.A.A.A ..A...CA.. A A.-.
C.salel A T.A.A.A ..A...CA.. A. A... A.-.

C.getazl A T.A.A.A . .A. . . .A. . A. A... A.-.

C . cocclneus A T.A.A.A ..A...CA.. A.A. ..A.-.
Phoneutria C T A .C T.A.A.A .--AA..CA.. A. A... A.-.

Clublona A.... ...C T..,A.A ..A...CA.. A.A..AA.-.
Psalmopoeus C. . .A .A.A.C..A. ...T..TA.G A...C A...C.A.-.

180
Ryuthela GAAGAAAGTCCTGTCTCTTTATTATTTGGT -GAATTAAAT TAGCTAGTAAAAAGGCTAGT
Dol omedes ATTT ...T.A A.T.T. TAAA TC . . A . . AT . TA TT . . . AA . - AA . ATT

.

Pisaura TTTT...T.A A.A. T. TAAA T. . . .AATT. TA TC. ..AA...... . . , .A.ATT.
Pardosa ATCTC. . T. A A. A. T. TA. A .GA.AC.TT. TA TT. ..AT.- AA.A.T.
C.salel ATCTT..T.T A. T... TAAA T. . . .C.AT. TA TC. ..AA.- A.ATT.
C.getazl ATTTT..T.T A.T.T. TAAA T....A.AT. CA TC. ..AA...... ....A.ATT.
C. cocclneus ATCTT..T.T A.T.T. TAAA T....C.AT. TA TC. ..AA...... ....A.ATT.
Phoneutria ATTTT. . .A. A. . .AA-ACA ....CA.AT. TA..C..TT. ...T.TT.C. ...AAAA.C.
Clublona ATTTT.. T.A T.T.A.T..A .A.. A.. AT. AA. . . .TTCC ..AA.-..,. ....A.ATT.
Psalmopoeus ATGA.GCT.T ..T.A.TA.A .AA. .GAAT. GA. . .T.GCA .GAAA- A..TTA

240

Ryuthela ATAGGCCTGAAAGACGATAA GACCCTATTAAGCTTAATTTTTAAAATTTT ACTGGGGCGG
Dolomedes ...TTATA CG .A...TTAC. . . .G —̂..AA .TA.

Pisaura . , .ATTAA G .A...T-AC. ...G--...A TA.

Pardosa T.TAAAAA CG .A...T-AC. ...G— ...A AA.

C.salel ..CTAATA C. .A...T-AC. . . .G —. .AA A.

C.getazl ..CTAATA C. .A...T-AC. ...G— ..AA .... A.

C. cocclneus ...TAATA.. C. .A,..T-AC. . . .G—. .AA ....... .A.

Phoneutria ...CAAAAA C .G .A.... -AC. . . .G —..CA A.

Clublona .C.ATATA C G .A -AC. A.TG—..AA A.

Psalmopoeus

Figure 2.— Multiple alignment of the mtl6S rDNA sequences of the nine spider species investigated. Periods

represent nucleotide identity with the reference sequence Ryuthela nishihirai. Dashes indicate positions where

gaps were introduced to obtain maximal alignment. Highly conserved sequences in mtl6S rDNA (as marked

in Fig. 3) are underlined. Psalmopoeus sp., a theraphosid spider is included in this figure but was only partially

sequenced and not taken into further consideration in this paper.

method of Sanger etal. (197 7) using a Sequenase used for the PCR. Sequencing reactions were

kit (U. S. Biochemical) as described in the pro- electrophoresed on 7.5% polyacrylamide gels for

tocol of the manufacturer. Sequencing was per- 2-7 h (Sambrook et al. 1989).

formed in both directions with the primers also Data analysis. —Sequence data were aligned
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300
Ryuthela TAGGATAAGATTATAATCTT ATCCATAATGGTTGATATTTATTGACCCAATTTTATTGAG
Dolomedes « TAAT .

.

, ATTTA- . AT AAAATCT. AA TAA T. . .A. A. . .A.T
Plsaura * TAAT ,

.

.ATA.A-.AT AA.TT. .AAA T.C. . . .T.

.

Pardoma . TAAT .

.

.AT-. . . . .T AAAT. . . CAA T .T, . .AC A.C
C.salei .TAAT.

.

. . . . . .CT. . . ATT . . T . .

T

AAATTC. .AA -.A. . . .T.

.

.A. A. . .A.T

C.getazl . TAAT .

.

. .T. . . ATT ..T.AT AAATT.GAAA T.A. . . .T.

.

.A. A. . .A.T
C»cocaineu3 .T.AT.

.

. .T. . GATT..T.AT .AATT.CAAA C.A T. . .A. A. . .A.T
Phoneutria .T.AT.

.

AA. .
-

. . . . . . ATT . C . T .

T

TAA—C.AAA TA T. . .CCA. . .A.T
Clublona .TAA. .

.

. . .AT . .T. . .

.

TT , CT .

.

T AA.T.ATAAA T .T.T. . .A A.T
PsalmopoeuB TTTA.C. .C. .CGATTA

360
Ryuthela GGTAAGATAAAGCTACTATAGGGATAACAGCTTAATTTTC CTTTGAAGATCTTATTTATT
Dolomedes TTC . TA . .C. .T. .CG. . .G AAAA T.C.T. ....

Plsaura TAA.TA. T . .

.

TT . . .

,

...... .GAA
Pardosa AA. .TA. T. .CT. ....

C.salei TA . TTA . T. . .A. . . .

.

C.getazl TACTTA. T. . .A. . . .

.

C .coccineus TAATTA. .C. .T. .G. . .G AAAA T. . .A

Phoneutria TAA. .A. A. C.A. . .C.

Clublona AAA—— A. . .A AC.AA
Psalmopoeus TAAT . C .

<

cc. • .T. • .CGC. .AC. . .C. .T T . CAAG. .

.

C CC.AA

420
Ryuthela GGAAAGTTTGAGACCTCGATGTTGAATTAAAGTACCTTATAGGCGCAGTAGGCTA-TAAA
Dolomedes AT A TAA-. . .A.

.

TCA A. . .TAA. . .T.

.

Plsaura ATTT. .A C T TT.-. . .A. . TTA. .

.

.A. . . TT . . .

.

T .

.

Pardosa AT A TAA-. . .A. . TAA A. . .TTA. . .T. .

C.salei AT A C . . .

.

.T TT.T. . .A. . TAA. .

.

.A. . .AAA. . .T. .

C . getazl AT .... A C T. . .

.

TT .T. . .A. . TTT

.

. .

.

A. . . AAA
C .coccineus AT A TT.T. . . A.

.

TAA A. . .AGA. . .T.

.

Phoneutria AA.T. .A TAAT. -.A.

.

TT A. . .CAA. .A. .

.

Clublona TAT .

.

TA . .A T TAA-. . .ATA TTAT. . .A. . ATTAT . A . .

.

Psalmopoeus AA A . .A T -.ATT. .CC. TAAA. . .AAG CTTA.GA. .

.

446
Ryuthela GGAAGTCTGTTCGACTTTTAAATCTT
Dolomedes
Plsaura
Pardosa
C.salei
C.getazl
C .coccineus .

,

.AA.

Phoneutria .A . .AAA.

Cl ublona . .AAA.

Psalmopoeus .A

by CLUSTALV (Higgins et al. 1991). Pairwise

alignment and calculation of percent differences

was carried out by MICROGENIE(Queen &
Kom 1983). The data was subjected to DNA-
PARSand DNABOOTof PHYLIP 3.4 (Felsen^

stein 1991). Gaps comprising more than one site

were treated as missing data, and thus played no
role in phylogenetic reconstruction.

Aligned sequences were fitted into available

secondary-structure models from Gutell & Fox

(1988).

RESULTS

Initially we tried to use the conserved primers

of Kocher et al. (1989) to amplify a fragment of

the cytochrome b gene of spiders. These primers
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Table 2. —Percentage of base identities of the mtl6S rDNA between the investigated spiders. The values are

rounded off.

Ryu. Phon. Club. Pard. Pisa. Dolo. C.coc. C.get.

Cupiennius salei 66 79 80 87 86 90 91 96

Cupiennius getazi 67 79 80 86 88 90 96

Cupiennius coccineus 65 79 80 87 88 89

Dolomedes 67 81 82 88 90

Pisaura 68 78 81 87

Pardosa 67 79 79

Clubiona 65 77

Phoneutria 64

proved to be unsuitable for our experimental an-

imals, however. In a second attempt we used

primers designed according to those used by

Cunningham et al. (1992) to amplify and study

mtl6S rDNA in crabs. This approach led to the

amplification of some fragments but suffered from

the poor reproducibility of the results. Wethere-

fore chose to apply a two step amplification pro-

cedure. In a first step, PCR amplification was
performed with simultaneous radioactive label-

ling of the polymerized DNA. The products were

separated on polyacrylamide gels and autoradio-

graphed (Fig. 1). In a second step DNAmaterial

of the major amplification product (about 500

bp, see Fig.l) was gel-extracted and subjected to

a non-radioactive PCRamplification. A unique

distinct band was obtained which was subjected

to dideoxy sequencing after gel-extraction (see

Methods).

Somebands of the expected size were also elut-

ed from the first experiment. The DNAobtained

from them was partially sequenced after ream-

plification and the identity of its main band with

mtl6S rDNA confirmed.

The DNAsequences of the nine spider species

investigated in this study are shown in Fig. 2.

The length of the sequenced fragment varies be-

tween 421 {Clubiona pallidula) and 444 bases

{Ryuthela nishihirai). The percentage of identi-

ties in sequence is 64% or higher in all pairwise

comparisons (Table 2); and a full alignment was

reached, assuming a few small deletions only (Fig.

2). This clearly indicates the homology of the

sequences determined.

In four cases, two individuals of the same spe-

cies were examined {cf. Table 1) and as expected

from previous work on tetragnathid spiders

(Croom et al. 1 99 1 ) no intraspecific variation was

found. Interspecific variation between the three

Cupiennius species is low (3-4%), whereas in-

tergeneric differences vary conspicuously, rang-

ing from 10-36% (Table 2).

The percentage of A and T along the sequenced

DNAfragment is high (75.0-78.6%) in all species

investigated except the “primitive” liphistio-

morph spider Ryuthela nishihirai (66.7%). Similar

results were obtained by Cunningham et al. ( 1 992)

for Crustacea (the “primitive” Artemia salina:

63%AT; the highly evolved king crabs Pagurus

spp.: about 73%AT). In insects data is only avail-

able for highly evolved species such as Drosoph-

ila yakuba (Clary & Wolstenholme 1985) and

Aedes albopictus (HsuChen et al. 1984). Both of

these insects have a very high percentage of AT
(about 76%), too. Possibly, an increase in the

percentage of A and T is a general trend in ar-

thropod phylogeny {cf. Clary & Wolstenholme

1985).

Figure 3 presents an attempt to fit the partial

sequence of Cupiennius salei rDNA into a gen-

erally accepted secondary structure model for an-

imal mtl6S rRNA (Gutell & Fox 1988). The

resulting secondary structure is very similar to

that of the mtl6S rRNA of both Drosophila ya-

kuba and Aedes albopictus which are the only

arthropods studied in this regard. In C. salei gen-

erally well conserved sequences (marked in Fig.

3) take the same positions relative to the overall

secondary structure of mtl 6S rRNA. In addition

these sequences show no variation among the

nine spiders examined {cf Fig. 2). Thus we con-

clude that a fragment of mtl6S rDNA indeed

has been sequenced.

One of the several most parsimonious trees

constructed by DNAPARSis shown in Fig. 4.

Whenchanging the order of the DNAsequences

in the input file the same result was obtained in

most cases. Other trees varied slightly regarding

the relationships between Cupiennius, Pardosa

and the pisaurids. In no case was Phoneutria
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Figure 3.— Mitochondrial DNAof Cupiennius salei folded to show the secondary structure of the sequenced

16S ribosomal RNAfor which it codes. Dashes represent Watson-Crick pairings, dots represent the weaker

hydrogen bonds between T and G or A and G. Grey beams indicate the supposed secondary structure of the

adjacent sequences, based on the model for Drosophila yakuba in Gutell & Fox (1988). 16sar, 16sbr (white

beams): priming sites. Black lines indicate extremely conserved regions known to be almost identical in verte-

brates as well as in Escherichia coli. Numbering as in Fig. 2.

interpreted as a sister group of Cupiennius. How-
ever, in a bootstrap analysis with 1 000 replicates

the three Cupiennius species were regarded

monophyletic in 94%of the bootstrap estimates.

This occurred only 19-54% in the other groups.

DISCUSSION

This communication presents the first extend-

ed analysis of spider mtl6S rDNAs for phylo-

genetic studies. It is based on the PCRamplifi-

cation of this gene fragment in nine spider species

representing five families.

The similarity {6A-91% identity) of the 421-

444 bp long sequences in all cases indicates that

homologous sequences have been determined

from all nine species. Furthermore, the derived

RNAsequences fit well into the conserved sec-

ondary structure of other animal mtl6S rRNAs
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Phoneutria b.

Clubiona p.

Pardosa a.

Dolomedes f.

Pisaura m.

C. getazi

C. coccinem

C. salei

Ryuthela n.

"Ctenidae"

Clubionidae

Lycosidae

I
Hsauridae

"Ctenidae"

Heptathelidae

Figure 4.—Mtl6S rDNA gene-tree based on the most

parsimonious tree obtained in most cases when apply-

ing the DNAPARSprogram of PHYLIP 3.4 (Felsen-

stein 1991). Note the position of Phoneutria in relation

to Cupiennius.

and highly conserved signature sequences of

mtl6S rRNA can be identified unambiguously.

Finally, short sequences of this mtl6S rDNA
fragment and of a previously determined mt 1 2S

rDNA fragment (Groom et al. 1991) are suc-

cessfully used as primers for the PCR amplifi-

cation of large, adjacent parts of both rDNAs (R.

J. Felber, pers. comm.).

Sequence variation is low when the three spe-

cies of Cupiennius are compared (3-4%) whereas

it varies between 10-23% among the Opistho-

thelae studied here (Table 2). This indicates that

sequences of the mtl6S rDNA may be useful for

studies of spider phylogeny at the family and

higher taxonomic levels.

Although limited, the data presented here re-

veal an intriguing result: In all of the maximum
parsimonious gene trees Phoneutria was more
distantly related to Cupiennius than Pardosa and

the two pisaurids. This sheds doubt on the avail-

able classification of both gtnQm—Phoneutria and

Cupiennius— within the Ctenidae and indeed on

the monophyly of this family, which was estab-

lished by Keyserling in 1877. The monophyly of

the included genera has mainly been based on

the following morphological characters: (1) ecri-

bellate spiders with (2) an eye-formula quite pe-

culiar to them among (3) the two-clawed spiders

(Pickard-Cambridge 1897; Bucherl et al. 1964).

These are all characters which also occur in other

families and therefore cannot be considered as

strong synapomorphies. Depending on the po-

sition of the nominal genus Ctenus— which could

not be investigated in this project —either a new
family for Cupiennius {Ctenus closely related to

Phoneutria) or for Phoneutria {Ctenus closely re-

lated to Cupiennius) may well be appropriate.

One obvious next step is therefore the exami-

nation of the nominal species of the Ctenidae.

Clubiona p.

Pardosa a.

Dolomedes f.

Pisaura m.

Phoneutria b.

Cupiennius spp.

Ryuthela n.

Clubionidae

Lycosidae

I
Hsauridae

I
"Ctenidae"

Heptathelidae

Figure 5. —Current view on phylogenetic relation-

ships of the examined taxa, based on the cladistic hy-

pothesis of Coddington & Levi (1991).

The critical evaluation of this far-reaching im-

plication of our study asks for answers to several

questions. One of these concerns the identifica-

tion of Phoneutria species, which is still a prob-

lem. Many Neotropical taxa are still undescribed

(Coddington «fe Levi 1991) and there is no recent

revision of the genus. The two female individuals

studied by us were identified using the key of

Bucherl (1969). Their genitalia were dissected,

treated with KOHand then compared with il-

lustrations provided by Schiapelli & Gerschman

(1973) and by Valerio (1983). Given the species

specificity of spider genitalia, our morphological

study makes it highly probable that the spiders

in question belong to the species Phoneutria bo-

liviensis. Another question is the possibility of

contaminations. However, DNAwas extracted

from both individuals independently. Separate

amplification and up to threefold sequencing of

some segments led to absolutely identical results.

Contaminations are therefore considered a very

unlikely reason for the surprising position of

Phoneutria in the gene tree derived from our

DNAanalysis.

Except for the apparent polyphyly of the Cten-

idae, the maximum parsimony tree proposed in

Fig. 4 does not allow any further conclusions on

spider phylogeny. Details such as the relation-

ships between the three Cupiennius species or

between Pisaura and Dolomedes should not be

given too much weight. According to the low

values obtained by bootstrap analysis these re-

lationships are not significant (there is significant

evidence for the monophyly of a group if it occurs

in at least 95% of the bootstrap replicates: Fel-

senstein 1991). From a morphological point of

view Phoneutria belongs to the monophylum of

spiders characterized by at least one pair of sec-

ondary eyes with a grate-type tapetum (Homann
1971). Clubiona (with a canoe-shaped tapetum)

on the other hand does not belong to this mono-
phylum and should therefore branch off deeper
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in the tree (Fig. 5). There is not sufficient data

to resolve this discrepancy, however. Wenow
rather need a comprehensive examination of ad-

ditional genera, including both molecular and

morphological information.
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